The Patient Health Questionnaire depression scale (PHQ-9) is a well-validated, Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) criterion-based measure for diagnosing depression, assessing severity and monitoring treatment response. The performance of most depression scales including the PHQ-9, however, has not been rigorously evaluated in different racial/ethnic populations. Therefore, we compared the factor structure of the PHQ-9 between different racial/ethnic groups as well as the rates of endorsement and differential item functioning (DIF) of the 9 items of the PHQ-9. The presence of DIF would indicate that responses to an individual item differ significantly between groups, controlling for the level of depression.
M
ajor depression is 1 of the most common psychiatric disorders. The National Comorbidity Survey Replication estimates the lifetime prevalence of major depressive disorder to be 16% among adults in the United States. 1 Moreover, depressive illness is projected to have significant public health and economic costs: major depression is expected to be the second leading cause of death and disability and to impose the greatest burden of ill health worldwide by 2020. 2 Depression, however, is frequently unrecognized and not treated. 3 The U.S.
Preventive Services Task Force (USPSTF) has therefore recommended systematic screening of depression in clinical settings with appropriate systems in place to ensure effective treatment and follow-up. 4 The PHQ-9 is the depression module of the self-administered version of the PRIME-MD diagnostic instrument, called the Patient Health Questionnaire (PHQ). 5 The PHQ-9 is an instrument whose 9 items are based on the DSM-IV diagnostic criteria. Each of the 9 items can be scored from 0 (not at all) to 3 (nearly every day). Its validity and reliability as a diagnostic measure as well as its utility in assessing depression severity and monitoring treatment response are well-established. [5] [6] [7] [8] [9] [10] [11] [12] No studies, however, have yet examined the factor structure and differential functioning of the PHQ-9 in different racial/ethnic minority groups. In fact, relatively few studies have systematically investigated racial/ethnic differences in the function of other depression screening instruments. [13] [14] [15] [16] [17] [18] [19] [20] [21] Assessing the performance of the PHQ-9 and other depression measures in different racial/ethnic groups is of growing concern because of the increasing diversity in the United States. According to the U.S. Census Bureau, Latinos are the largest racial/ethnic minority group in the country, numbering more than 35 million, whereas African Americans have historically constituted a numerically important minority group in the United States, currently numbering 34 million persons. 22 Asian Americans are a fast-growing racial/ethnic group, increasing 44% from 1990 to 2000. 23 It is projected that by the year 2020 the Asian American population will reach approximately 20 million. 24 This growing diversity in the United States makes the need for diagnostic instruments that can provide accurate, clinically relevant information for depression across racial/ethnic groups an urgent public health priority, especially in light of the USPSTF recommendation for screening of depression in routine care. In this paper, data from the original PHQ Primary Care and Obstetrics/Gynecology validation studies were combined with PHQ-9 screening data collected from Chinese American patients attending a large urban primary care clinic. We compared the factor structure as well as the individual items of the PHQ-9 in 4 racial/ethnic subgroups: African American, Chinese American, Latino, and non-Hispanic whites.
METHODS

Study Design
Data from the PHQ Primary Care and Obstetrics/Gynecology Studies were combined with PHQ-9 depression screening data collected from the Charles B. Wang Community Health Center (CBWCHC), a community health center serving mostly low-income Chinese Americans and affiliated with the NYU School of Medicine Center for the Study of Asian American Health.
The process of subject selection, administration of instruments, and data collection of the PHQ Primary Care and Obstetrics/Gynecology Studies are explained in detail in prior publications. 7, 8 Briefly, from May 1997 to November 1998, 3,000 primary care patients (1,422 from 5 general internal medicine clinics and 1,578 from 3 family practice clinics) participated in the PHQ Primary Care Study. From May 1997 to March 1999, 3,000 patients from 7 obstetrics-gynecology outpatient sites participated in the PHQ Obstetrics/Gynecology Studies. Study subjects in both studies were selected by 2 selection methods to minimize sampling bias: consecutive patients for a given clinic session or every nth patient until the intended quota for that session was achieved. The patients in both studies, all of whom were 18 years or older, completed the PHQ-9 before seeing their physician. The Chinese American sample was composed of 3,417 primary care patients at the CBWCHC in New York City who were scheduled for their annual physical examination and prescreened with a survey: They were asked whether in the past 2 weeks, they had experienced anhedonia, depressed mood, low energy, or insomnia. Patients who endorsed at least 1 of these items were then administered the PHQ-9. This resulted in 973 individuals at the CBWCHC who filled out the PHQ-9.
As subjects from the PHQ Studies were not screened before PHQ-9 administration, we included for analysis only those subjects who, similar to the CBWCHC sample, endorsed positively at least 1 of the PHQ-9 items of anhedonia, depressed mood, insomnia, or low energy. This resulted in a total of 5,033 subjects from the PHQ Primary Care Study (n =1,964), PHQ Obstetrics/Gynecology Study (n =2,128), and CBWCHC site (n =941).
Measure
Depression Scale of the PHQ-9. At all sites, including CBWCHC, the PHQ-9 was administered immediately before the physician encounter. In most cases, the PHQ-9 was selfcompleted by the patient in written form. If, however, the patient was unable to read or needed other assistance, the PHQ-9 was read to the patient by a care manager. Patients either monolingual Spanish-speaking or Chinese-speaking were administered the Spanish or Chinese versions of the PHQ-9 respectively. Both of these versions of the PHQ-9 were translated into the non-English language and back translated into English by bilingual translators. Consistent with the process for translation of survey instruments outlined in prior studies, 25 translation and back translation of the Spanish and Chinese language versions of the PHQ-9 was repeated until the translators felt the non-English versions corresponded closely with the English version.
Statistical Analysis
Sociodemographic differences in gender, age, marital status, and language ability were compared between racial/ethnic groups. Mean differences in total PHQ-9 scores and rates of depression severity were also compared between the different racial/ethnic groups. Endorsement of the 9 individual items of the PHQ-9 was compared using mean scores on the individual items.
Differential item functioning (DIF) is a method for determining if an item on a scale, controlling for the latent factor the scale measures, is endorsed more often by one subgroup than another. Graphically, the DIF can be conceptualized as detecting the presence of distinct s-shaped item-response curves for subgroups as opposed to a single s-shaped curve. Differential item functioning is a concept derived from item response theory (IRT), which is a modern measurement theory that focuses on comparing responses to individual items in a scale rather than simply the aggregate scale score.
In our analysis, the individual items of the PHQ-9 were analyzed for DIF by comparing the endorsement of items between different groups controlling for the level of depression as indexed, in this case, by the total PHQ-9 score. The test in this analysis is an extension of the Mantel-Haenszel statistic, which tests for the equality of odds ratios across several strata. 26 Three separate analyses were conducted, each comparing the non-Hispanic white group (referent group) to 1 of the ethnic groups.
A limitation of the Mantel-Haenszel statistic is that it cannot control for additional covariates beyond depression level. To control for these effects we estimated and tested a Multiple Indicators Multiple Causes (MIMIC) model, which is a test of DIF that included age, sex, and English language ability as covariates. 27 The factor structure of the PHQ-9 within each ethnic group was examined using principal component analysis. The basis of factor analysis lies in the concept that the responses to the items in a scale are the result of an underlying, latent dimension or set of dimensions-in this case, the latent dimension is depression. If the set of items operates in a consistent fashion across groups, the underlying factor structure will be the same and should display a large eigenvalue. In our analysis, components with an eigenvalue of 1.0 or greater were retained and rotated to a varimax solution. The Kaiser criterion was used to select the number of factors and the oblique solution was employed. 28 Internal reliability of the factor structure for each racial/ethnic group was assessed by calculating the Cronbach's a coefficient for each factor. Chi-square tests were used for categorical data and analysis of variance for continuous data. Bonferroni's correction was used to adjust for multiple comparisons. All statistical analyses were done using SPSS for Windows 9.0 (SPSS Inc., Chicago, IL), SAS version 9.13 (SAS Institute, Cary, NC), and Mplus. 29 Table 1 summarizes the baseline characteristics of the patient samples divided by racial/ethnic group, illustrating some significant group differences. Latino patients were the youngest (29.4 years) as well as the most likely to be female (97.8%). The Chinese American group was the oldest (43.1 years) and most likely to be married (75.2%). Both the Latino and Chinese American groups were most likely to be non-English-speaking with 73.6% of the Latino group being monolingual Spanishspeaking and 97.4% of the Chinese American group being monolingual Chinese speaking.
RESULTS
Patient Characteristics
Mean PHQ-9 Scores and Distribution of Depression Severity Levels
The comparison of mean scores is presented in Figure 1 . No significant differences were found between the 4 groups in the mean PHQ-9 score. The mean scores ranged from a low of 6.0 (African Americans) to a high of 6.5 (Chinese Americans). A PHQ-9 score greater than or equal to 10 typically represents clinically significant depression symptoms with an 88% sensitivity and specificity for the diagnosis of depression. 5 There were significant differences among the racial/ethnic groups (w 2 =21.16, df =3, Po.001) in the proportion of patients exceeding this threshold, ranging from 15.2% (Chinese Americans) to 21.8% (non-Hispanic whites). In addition, cases of depression were categorized into different levels of severity: moderate, 10-14 moderately severe, [15] [16] [17] [18] [19] and severe. 5, [20] [21] [22] [23] [24] [25] [26] [27] Chinese American subjects had the lowest frequency (7.3%) of moderate levels of depression (w 2 =15.05, df =3, Po.005). No significant group differences were seen in the rates of moderately severe or severe levels of depression. Separate analyses of male and female patients revealed that Chinese American men had especially low rates of depression compared with all other groups. This was in contrast with Chinese American women who had comparative levels of depression to all other racial/ethnic groups: 11.8% of Chinese American men (compared with 18.1% of Chinese American women) had PHQ-9 scores of 10 or higher, and 4.8% of Chinese American men (compared with 9.6% of Chinese American women) had PHQ-9 scores between 10 and 14.
Factor Analysis
Results of exploratory factor analyses are shown in Table 2 . In each of the 4 groups, a single factor that included all 9 items of the PHQ-9 was extracted. The eigenvalue on this single factor ranged from 3.50 (Chinese American) to 4.42 (nonHispanic white), and the variance explained by this single factor ranged from 38.9% (Chinese American) to 49.1% (nonHispanic white). Internal consistency reliability (Cronbach's a) of the PHQ-9 was 0.80, 0.79, 0.80, and 0.86 in African Americans, Chinese Americans, Latinos, and non-Hispanic whites, respectively.
Individual Item Analysis
Comparisons between the different racial/ethnic groups of mean scores of each of the 9 items of the PHQ-9 are shown in Figure 2 . Individual items of the PHQ-9 are scored on a scale of 0 to 3 for symptoms occurring in the past 2 weeks. Zero corresponds with the symptom occurring ''not at all,'' 1 with ''several days,'' 2 with ''more than half the days,'' and 3 with ''nearly every day.'' Overall, the 2 items that were endorsed most frequently in all groups were abnormalities in sleep and low energy. Scores for these 2 items ranged from 0.96 to 1.37 for abnormalities in sleep and 1.24 to 1.41 for low energy.
Three items-depressed mood, decreased concentration, and thoughts of death or self-harm-were not significantly different between groups. Chinese American and Latino subjects showed different patterns of endorsement in the other individual PHQ-9 items. Chinese Americans endorsed psychomotor abnormalities at a rate more than double the other groups: 0.8 compared with 0.24 to 0.35 (F =104.99, df =3, Po.001). They endorsed abnormalities of appetite at a rate less than half the other groups: 0.4 compared with 0.85 to 0.95 (F =64.10, df =3, Po.001). Chinese Americans also had significantly higher mean scores in abnormalities in sleep (F =25.71, df =3, Po.001). Latinos had significantly higher mean scores of anhedonia: 0.89 compared with 0.56 to 0.67 (F =23.63, Table 3 shows that many of the same individual items that had statistically different mean scores in Chinese American and Latino groups also showed evidence of DIF when compared with the non-Hispanic white group. For the Chinese American group, sleep, appetite, and psychomotor changes showed DIF. Anhedonia also had a significant Mantel-Haenzel statistic in the Chinese American group, but after controlling for covariates of age, sex, and English-language ability in the MIMIC model test, this item no longer showed a significant level of DIF. In the Latino group, anhedonia, sleep changes, appetite changes, and guilt showed evidence of DIF. The MIM-IC model test indicated that the depressed mood and low energy items did not have significant DIF when controlling for sociodemographic factors. No significant DIF was found for any of the individual items in the African American group.
DISCUSSION
The results of this analysis demonstrate that the PHQ-9 total score functions fundamentally the same in subjects from 4 of the largest racial/ethnic groups in the United States. The similar mean scores and factor structure of the PHQ-9 in the different groups-even while the vast majority of Chinese Americans and Latinos in this analysis completed the PHQ9 in a language other than English-suggests that it can be used without adjustment in diverse populations. These findings also support the idea that the DSM-IV criteria for major depression are common to individuals of all cultures.
Mean PHQ-9 scores were similar amongst the different racial/ethnic groups. Unlike what has been seen in previous studies, Latinos in our study did not have higher mean PHQ-9 scores compared with the other racial/ethnic groups. 30, 31 Our findings imply that there is no need to adjust PHQ-9 threshold scores for depression in patients from Latino backgrounds. 32 One possible reason for this difference between our study and past research is that prior studies used measures such as the CES-D or Beck Depression Inventory that were not strictly criterion-based, unlike the PHQ-9. Chinese Americans also did not have significantly different mean scores than individuals from other groups, but a smaller proportion of Chinese Americans had a clinically significant level of depressive symptoms as indicated by a score of 10 or higher. Gender stratification revealed much lower rates of depressive symptoms among Chinese American men while Chinese American women had rates of depression statistically indistinguishable from other racial/ethnic groups. These gender differences are consistent with prior studies 33 as well as epidemiological studies of Chinese Americans that showed acculturated Chinese American women have twice the likelihood of lifetime depressive episodes as Chinese American men. 34 Future studies could explore further this possibility that gender mediates the effect of acculturation on endorsement of depressive symptoms. This study is the first to examine the factor structure of the PHQ-9. The fact that all 9 of these items load onto a single factor suggests that the PHQ-9 is measuring a coherent, unitary concept of major depressive disorder based on the DSM-IV criteria. Furthermore, the fact that this single factor comprising all 9 items is seen in all 4 racial/ethnic groups suggests that the core features of depression are common in these groups. Although there may be some differences in the expression of individual symptoms across racial/ethnic groups, these differences are relatively minor. In our analysis, there was consistency in the core features of depression across racial/ethnic groups, similar to what was found in past cross-national studies. 35, 36 This is illustrated by the fact that between all 4 groups there was no significant difference in mean scores of the individual item of depressed mood. Our finding that Chinese Americans have higher rates of endorsement of psychomotor abnormalities and sleep is consistent with previous studies showing that Asian subjects are more likely to have somatic symptoms. 13, 37, 38 Conversely, we have not seen any previous literature that parallels our finding that Asian subjects had much fewer symptoms of appetite changes. Future studies of depressive symptomatology that include Chinese Americans should help to confirm or refute this finding. Our finding that Latino subjects had a higher endorsement of anhedonia on individual item analysis shows similarities with studies of other depression screening instruments. These previous studies have found that Latinos report positive emotional states less often than non-Hispanic whites. 18, 31 Similar to our study, prior research has also shown that after controlling for sociodemographic factors there was no difference found in the endorsement of symptoms of negative affect or somatic disturbance between Latinos and non-Hispanic white populations. 30 Our study has several limitations. It is possible that the exclusion from analysis of those African American, Latino, and non-Hispanic white subjects who did not endorse at least a screening item (depressed mood, anhedonia, insomnia, or low energy) may have led to reduced variance in the response to the PHQ-9 overall. This reduced variance may account for the lack of difference we saw in the function and dimensionality of the PHQ-9 between groups. Finally, while the construct validity of the PHQ-9 has been examined in a separate analysis of these data, 39 convergent validity of the PHQ-9 in these different ethnic groups with an independent criterion standard such as the SCID would also be a valuable future study. In light of the growing diversity of the U.S. population and the increasingly recognized importance of screening for depression in clinical care, the need for an efficient depression screening instrument that can be used in disparate groups is critical. Our study suggests that the PHQ-9 can be used without adjustment in different racial/ethnic groups and be a useful tool to help meet the mental health care needs of diverse populations. Non-Hispanic white was the referent group. All tests 1 degree-of-freedom. P-values in bold type significant at Po.05/9 =.0055.
